Method for Treating Autoimmune Diseases and 
Screening Method for Preventive or Therapeutic Agent 

for the Same 



BACKGROUND OF THE INVENTION 
Field of the Invention 

The present invention relates to a method for treating 
autoimmune diseases, a screening method for a preventive or 
therapeutic agent for autoimmune diseases, and a diagnostic 
method for autoimmune diseases. 

Background Art 

Autoimmune diseases are pathological conditions caused 
by antibodies (autoantibodies) which are formed against 
components that constitute an individual's own body 
(autoantigens), or by T cells formed against such 
autoantigens . Various types of autoimmune diseases have been 
known: Some affect specific organs, and some others develop 
systemically . Autoantibodies provide a broad range of 
actions. Specifically, autoantibodies destruct cells (as in, 
e.g., autoimmune hemolytic anemia); impair physiological 
functions (as in, e.g., myasthernia gravis); excessively 
stimulate receptors (as in, e.g., Basedow's disease (Graves 1 
disease) ) ; or form antigen-antibody complexes (immune 
complexes) as deposits on the walls of blood vessels, to 
thereby cause inflammation (as in, e.g., systemic lupus 
erythematosus (SLE) ) . Usually, an individual does not 
immunologically respond to its own antigens; i.e., 



autoantigens (this mechanism is called self tolerance) . 
However, according to current theory, when the self tolerance 
is lost for some reason, the individual develops an 
autoimmune disease. General causes of autoimmune diseases 
have not been elucidated. Therefore, symptomatic approaches 
have been major measures for treatment of autoimmune diseases, 
and practically, there is no well-established therapeutic 
method as yet. 

Among other autoimmune disease, Sjogren's syndrome has 
been known to cause systematic chronic inflammation in 
exocrine glands of the whole body, including the lacrimal 
glands and the salivary glands, and which primarily involves 
dryness caused by functional deterioration of exocrine glands, 
as found in, for example, sicca syndrome associated with 
keratoconjunctivitis sicca or chronic sialadenitis. In 
addition to some hereditary factors, other factors such as 
immune disorders and unknown environmental factors are also 
believed to contribute to Sjogren's syndrome. However, 
details remain unknown, and thus, a need continues to exist 
for a radical, course-specific therapeutic method. 

In one approach to elucidating the pathological causes 
of autoimmune diseases, researchers focus on the fact that 
most autoimmune diseases, including Sjogren's syndrome, 
develop primarily in menopausal or postmenopausal women. 
This suggests that estrogen deficiency causes some change in 
the target organs. In search for supportive evidence, the 
present inventor performed studies through use of mice 
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suffering Sjogren's syndrome and reported that estrogen 
deficiency causes apoptosis of gland cells to thereby 
aggravate pathological conditions, and that through 
administration of estrogen, aggravation of the pathological 
conditions can be prevented (Ishimaru N, et al. Estrogen 
deficiency accelerates autoimmune exocrinopathy in murine 
Sjogren's syndrome through fas-mediated apoptosis, Am. J. 
Pathol. 155 (1), 173-81 (1999)). 

RBAp48 (retinoblastoma associated protein 48) is a 
nucleoprotein which forms a complex with Rb protein (a known 
tumor suppressor gene product) . Human RBAp4 8 gene was first 
obtained in 1993 (Qian YW, et al. A retinoblastoma-binding 
protein related to a negative regulator of Ras in yeast, 
Nature 364 (6438), 648-52 (1993)). RBAp48 has been reported 
to form histone deacetylase complex to thereby participate in 
regulating cell differentiation or cell multiplication (Qian 
YW, et al. Dual retinoblastoma-binding proteins with 
properties related to a negative regulator of ras in yeast, J. 
Biol. Chem. 270 (43), 25507-13 (1995); Nicolas E., et al. 
RBAp48 belongs to the histone deacetylase complex that 
associates with the retinoblastoma protein, J. Biol. Chem. 
275 (13), 9797-804 (2000)). However, nothing has been known 
in relation to what effect RBAp4 8 exerts on improvement of 
pathological conditions of patients who suffer autoimmune 
diseases . 

Accordingly, the present invention is directed to a 
method for treating autoimmune diseases, for which radical 
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therapies have not yet been obtained; to a screening method 
for preventive, or therapeutic agents for autoimmune diseases; 
and to a diagnostic method for autoimmune diseases. 

SUMMARY OF THE INVENTION 
In view of the foregoing, the present inventor has 
performed extensive studies and confirmed that RBAp4 8 is one 

factor that is expressed in cells of the salivary glands a 

target organ of autoimmune diseases, particularly Sjogren's 

syndrome when estrogen is deficient, and that apoptosis of 

the salivary gland cells is induced by incorporating RBAp4 8 
into the cells. On the basis of these findings, the present 
inventors have found that autoimmune diseases can be 
diagnosed by determining RBAp48 level in gland tissues; 
screening of candidate preventive or therapeutic agents for 
autoimmune diseases can be performed through determination of 
the RBAp4 8 production suppressing effect or RBAp4 8 production 
inhibitory effect of a sample; and an RBAp48 production 
suppressor or inhibitor exhibits excellent preventive or 
therapeutic effect on autoimmune diseases such as Sjogren's 
syndrome and thus is useful as a drug for autoimmune diseases, 
thereby leading to completion of the present invention. 

Accordingly, the present invention provides a method 
for treating autoimmune diseases comprising administering 
RBAp48 production suppressor or. inhibitor; a screening method 
for a preventive or therapeutic agent for autoimmune diseases 
comprising measuring the RBAp48 production suppressing effect 
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or inhibitory effect of a sample; a diagnostic agent or a 
diagnosing kit for autoimmune diseases containing a reagent 
for measuring the RBAp48 level in gland tissue; and a 
diagnostic method for autoimmune diseases comprising 
measuring the RBAp48 level in gland tissue. 

BRIEF DESCRIPTION OF THE DRAWINGS 
Various other objects and features and many of the 
attendant advantages of the present invention will be readily 
appreciated as the same becomes better understood by 
reference to the following detailed description of the 
preferred embodiments when considered in connection with the 
accompanying drawings, in which: 

Fig. 1 is a graph showing apoptosis of salivary gland 
cells of normal mice, wherein "TUNEL index" represents stain 
index, "Ovx" represents groups on which ovariectomy has been 
performed, "Sham" represents groups on which sham operation 
has been performed, and "week after Ovx" represents weeks 
after the ovariectomy was performed; 

Fig. 2 is a graph showing apoptosis induction in 
cultured cells, wherein "apoptotic cells" represents the 
percent apoptotic cells, "Medium" represents control groups, 
"Tarn" represents groups to which tamoxifen had been added, 
"Staurosporin" represents groups to which staurosporin had 
been added, "E2" represents groups to which estradiol had 
been added, and "E2+Tam" represents groups to which estradiol 
and tamoxifen had been added; 
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Fig. 3 shows genes which exhibits enhanced expression 
by anti-estrogen effect, wherein "Medium" represents a 
control group, "Tarn" represents a group to which tamoxifen 
had been added, and "E2+Tam" represents a group to which 
estradiol and tamoxifen had been added; 

Fig. 4 is a graph showing apoptosis of cells of various 
cell lines caused by transferring RBAp48 gene to the cells, 
wherein "apoptotic cells" represents the percent apoptotic 
cells; 

Fig. 5 shows apoptosis of cells of the RBAp4 8 -stable 
cell line, wherein "apoptotic cells" represents the percent 
apoptotic cells, and "IPTG" represents isopropyl-p-D- 
thi ogal act o side ; and 

Fig. 6 shows effect of RBAp48 siRNA on RBAp4 8 -induced 
apoptosis, wherein "apoptotic cells" represents the percent 
apoptotic cells. 

DETAILED DESCRIPTION OF PREFERRED EMBODIMENTS 
All the documents referred to in the present 
specification are incorporated herein by reference. 

No particular limitations are imposed on the RBAp48 
production suppressor or inhibitor; i.e., the effective agent 
employed in the method for treating autoimmune diseases of 
the present invention, so long as the suppressor or inhibitor 
inhibits the function of RBAp48. Examples of the suppressor 
or inhibitor include RBAp48 gene antisense oligonucleotide; 
agents which inhibit RBAp48 gene expression by, for example, 
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inhibiting RBAp4 8 -specific transcription factor; agents which 
decompose specifically RBAp48 mRNA by, for example, RNA 
interference action of double-strand RNAs; agents which 
inhibit RBAp48 protein expression; agents which inhibit, post- 
expression modification of RBAp48; and agents which inhibit 
the function of RBAp48. such as RBAp48 functional antibody. 

When an autoimmune disease is treated, the dose, 
administration site, administration interval, administration 
term, etc. of the drug are determined in accordance with, for 
example, the sex, age, body weight, and pathological 
conditions of the patient to which the drug is administered; 
other drugs which may be administered in combination with the 
drug; and type of the therapeutic method. The RBAp48 
production suppressor or inhibitor, which is the effective 
agent employed in the present invention, may be used singly 
or in combination with a pharmacologically acceptable 
carrier, such as a solubilizing agent, an excipient, a 
binder, or a diluent. No particular limitations are imposed 
on the dosage form of the drug employed in treating 
autoimmune diseases according to the present invention, and 
examples of the dosage form include tablets, capsules, 
granules, powder, lotion, plaster, injection, and 
suppository. These drug preparations may be produced through 
known methods. For example, an. oral drug preparation may be 
produced through processing the effective agent with, among 
others, a solubilizing agent such as tragacanth gum, acacia, 
a sucrose ester, lecithin, olive oil, soybean oil, or PEG400; 



an excipient such as starch, mannitol, or lactose; a binder 
such as sodium carboxymethylcellulose or 

hydroxypropylcellulose; a disintegrant such as crystalline 
cellulose or calcium carboxymethylcellulose; a lubricant such 
as talc or magnesium stearate; or a f lowability-improving 
agent such as light anhydrous silicic acid, which are 
suitably selected . 

In the method for treating autoimmune diseases of the 
present invention, the effective agent is administered 
perorally or perenterally . The dose of the effective agent 
differs depending on the patient's body weight, age, sex, 
medical conditions, etc. The daily dose of the effective 
agent for an adult is typically 0.01 to 1,000 mg, preferably 
0.1 to 100 mg. The effective agent is preferably 
administered once a day, or several times a day in a divided 
manner . 

The method for treating autoimmune diseases of the 
present invention can be applied to various autoimmune 
diseases. Examples of the autoimmune diseases include 
Hashimoto's thyroiditis, SLE, Goodpasture's syndrome, 
pemphigus, receptor autoimmune diseases, Basedow's disease 
(Graves' disease), myasthernia gravis, insulin resistant 
diseases, autoimmune hemolytic anemia, autoimmune 
thrombocytopenic purpura, autoimmune encephalomyelitis , 
rheumatism, scleroderma, mixed connective tissue disease, 
polymyositis, pernicious anemia, idiopathic Addison's disease, 
some types of infertility, glomerulonephritis, bullous 
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pemphigus, Sjogren's syndrome, some types of diabetes, 
adrenergic agent resistance, chronic active hepatitis, 
primary biliary cirrhosis, endocrine failure, vitiligo, 
angiitis, post-cardiac surgery syndrome, urticaria, atopic 
dermatitis, some types of asthma, and inflammatory, 
granulomatous, denatured, or atrophic diseases having unknown 
causes . 

In the screening method for a preventive or therapeutic 
agent for autoimmune diseases, RBAp48 production suppression 
effect or RBAp48 production inhibitory effect may be 
determined through a method known per se. For example, there 
may be used a reaction in which RBAp48 gene is transferred 
into a gland cell (e.g., human salivary gland cell), to 
thereby enhance RBAp48 productivity of the cell, inducing 
apoptosis of the cell. When a sample agent has been added to 
the cell in advance, if apoptosis is suppressed, the sample 
agent is determined to be useful as a preventive or 
therapeutic agent for autoimmune diseases. Whether or not a 
sample agent has RBAp4 8 production suppression effect or 
inhibitory effect may be determined through measuring 
apoptosis of the cells having enhanced RBAp48 productivity, 
but it can also be determined through measuring RBAp48 gene 
in such cells or through directly measuring RBAp48 itself in 
such cells. Of course, the testing system as described above 
may be used in screening out a substance having apoptosis 
inhibitory effect . 

In the diagnostic method for autoimmune diseases of the 
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present invention, the RBAp48 level or RBAp48 gene expression 
in gland tissues is determined through a known method. The 
RBAp4 8 level is determined preferably through an 
immunological assay, more preferably through ELISA . 

Examples of the assay for determining RBAp48 gene 
expression include PCR, northern blotting, and microarray 
assays. Examples of the gland tissue include salivary gland, 
lacrimal gland, thyroid, exocrine pancreas, intrahepatic bile 
duct, sweat gland, mammary gland, harderian gland, prostate 
gland, and bulbourethral gland. These tissues may be 
collected from subjects through, for example, biopsy or 
autopsy. The assay may be applied for samples other than 
gland tissues. Examples of such samples include serum, 
saliva, tear, bile, pancreatic juice, cerebrospinal fluid, 
and urine which are collected from subjects. The present 
invention can also be performed through determining, for 
example, RBAp48 or an RBAp4 8-related factor (e.g., a binding 
protein, an antibody, an inducible protein, and a denatured 
protein) in the sample. 

No particular limitations are imposed on the diagnostic 
agent for autoimmune diseases of the present invention, so 
long as the agent contains a reagent which can be used to 
determine the RBAp48 level in the gland tissue. Examples of 
the reagent to be used in immunological assays include 
reagents containing an anti-RBAp48 monoclonal antibody and 
reagents containing an anti-RBAp48 polyclonal antibody. 
Preferably, the diagnosis agent further contains a labeled 
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substance such as a labeled secondary antibody, a labeled 
anti-RBAp48 monoclonal antibody, or a labeled anti-RBAp48 
polyclonal antibody. Examples of the labeling substance 
include a radioisotope, an enzyme, a fluorescent substance, 
and a luminescent .substance. 

EXAMPLES 

The present invention will next be described in detail 
by way of examples, which should not be construed as limiting 
the invention thereto. 

Example 1 (Apoptosis of salivary gland cells of normal mice) 

C57BL/6 mice and estrogen receptor knockout (ERaKO) 
mice were ovariectomized (Ovx) , and salivary gland cells of 
each mouse were observed over time for six weeks after the 
ovariectomy in terms of apoptosis. Slices of the salivary 
gland cells were stained through TUNEL, and whether or not 
apoptosis occurred was evaluated from the stain index (TUNEL 
index) . Sham operation groups (Sham) , to which Ovx had not 
been performed, were used as controls. As a result, as shown 
in Fig. 1, transient apoptosis was observed from two to three 
weeks after Ovx in the salivary gland cells of the C57BL/6 
mice to which ovariectomy had been performed. In contrast, 
in the salivary gland cells of the ERaKO mice, increase in 
apoptotic cells was not observed. Thus, apoptosis of 
salivary gland cells was confirmed to involve estrogen 
deficiency. 

Example 2 (Apoptosis induction of cultured cells) 
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Cells of each of the following cell lines were cultured 
through a routine method; mouse salivary gland cell lines 

(MSG:B6 and ERctKO) ; human salivary .gland cell line (HSG) ; 
human breast cancer cultured-cell line (MCF-7); human acute T 
cell leukemia cell line ( Jurkat) ; and human colon cancer 
cultured-cell lines (HT-29 and Colo201) . The cultured cells 
were reacted with tamoxifen (Tarn, final concentration: 1CT 7 
M) , an antagonist of estrogen. The resultant cells were 
observed in terms of Tarn's effect on apoptosis and saliva- 
gland-specific antigens, and activity of apoptosis-related 
proteases (e.g., caspase) was investigated. Separately, the 
above cultured cells were reacted- with staurosporin (an 
apoptosis inducer, final concentration: 1CT 6 M) , and the 
resultant cells were used as a positive control group. 
Forty-eight hours after the addition of Tarn, apoptosis of the 
cells was determined by means of a flow cytometer, by use of 
Annexin-V-FITC. As a result, as shown in Fig. 2, the percent 
apoptotic cells of the MSG cell (B6) group or the HSG cell 
group was found to be significantly high as compared with 
those of the groups to which Tarn had not been added. Notably, 
apoptosis of MCF-7 had been known to be induced by Tarn. 
Apoptosis of the ERocKO-mouse-derived MSG cells was found not 
to be induced by Tarn. In addition, the percent apoptotic 
cells of the staurosporin-added groups was found to be high 
and not to differ from one group to another. Moreover, when 
the salivary gland cells had been pretreated with estradiol 

(E2, final concentration: 10" 9 M, addition time: twenty-four 
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hours before stimulation by Tarn) , apoptosis of the cells 
induced by Tarn was found to be suppressed, indicating that 
estrogen participates in apoptosis of the salivary gland 
cells induced by Tarn. 

Example 3 (Identification of the genes which exhibit enhanced 
expression by anti-estrogen effect) 

HSG cells were stimulated by Tarn to thereby cause 
expression of mRNAs . mRNAs which exhibited enhanced 
expression as compared with those of non-stimulated HSG cells 
were extracted through a routine method and isolated through 

TM 

the differential display method (RNA image kit, Gene Hunter , 
Toyobo) . The ' thus-obtained DNA fragments were transferred 
into E. Coli for cloning. The thus-obtained mRNAs were 
investigated through northern blotting (Fig. 3) by use of HSG 
cells and the isolated DNA fragments serving as probes, to 
thereby determine mRNAs which exhibit enhanced expression by 
tamoxifen (final concentration: 10" 7 M) , and the expression 
was reduced by addition of estradiol (final concentration: 
10" 9 M) . The amino acid sequences of the DNA fragments were 
determined through a routine sequencing method. The DNA 
fragments were identified to be the RBAp48 gene. Two hours 
after Tarn stimulation, the HSG cells were found to exhibit 
strong RBAp48 mRNA expression. Moreover, RBAp48 was 
expressed through use of each of human normal organ mRNAs, 
and the expressed RBAp48 was investigated through northern 
blotting. RBAp48 was found to exhibit the greatest reduction 
in expression in salivary gland tissues and strong expression 
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in testis tissues and adipose tissues among the investigated 
human organ tissues. These results indicate* that RBAp48, 
which exhibits reduced expression in normal salivary gland 
cells, may exhibit increased expression by anti-estrogen 
effect . 

Example 4 (Investigation of apoptosis by transferring RBAp48 
genes into cells of various cell lines) 

In order to elucidate functions of RBAp48 in salivary 
gland cells, RBAp48 genes (final level: 1 jag/mL) which had 
been inserted into pCMV vectors were transferred through 
lipofectin into cells of various cell lines (the cell lines 
employed in the above Tarn stimulation, CCSK: human 
cholangiocarcinoma cell line, SH-SY5Y : human nerve cell line, 
Raji: human B cell line, THP-1, U937: human monocytic 
leukemia cell line) . Forty-eight hours after the transfer, 
the percent apoptotic cells of each cell group was determined 
by means of a flow cytometer, by use of Annexin-V-FITC . As a 
result, the percent apoptotic cells of the B6-mouse-derived 
MSG cell group, the ERaKO-mouse-der ived MSG cell group, and 
the HSG cell group were found to be significantly high as 
compared with those of the Mock groups (vector only) , and the 
p53KO-mouse-derived MSG cell group and other cell groups were 
found not to exhibit apoptosis induced by RBAp4 8 
overexpression (Fig. 4). These results indicate that 
apoptosis caused by RBAp48 expression is induced specifically 
in the salivary gland cells, that such apoptosis involves 
estrogen receptor and the downstream signals thereof, and 
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that p53 molecules play a key role in such apoptosis. 

Example 5 (Establishment of RBAp4 8 -stable cell line and study 

of apoptosis route) 

A stable cell line in which RBAp48 expression is stably 
regulated by addition of IPTG to the culture system is 
established by means of LacSwitch II Inducible Mammalian • 
Expression System (STRATEGENE) through use of HSG cells (RHO 
cell) . As shown in Fig. 5, the percent apoptotic cells was 
found to increase over time from two hours to twelve hours 
after addition of IPTG, and RBAp48 protein expression was 
found to increase in accordance with increase in the 
apoptotic cells. Separately, the RHO cells were investigated 
in terms of cell cycle related molecules (i.e., RBs, 
phosphorylated RB, CyclinD3, and pl9ARF) in the cell lysates 
six hours after addition of IPTG, through western blotting by 
use of the corresponding antibodies (BD Transduction 
Laboratory) . As a result, addition of IPTG was found to 
cause no change in expression of RB proteins but to cause 
enhanced expression of RB phosphorylation, cyclinD3, and 
pl9ARF. In addition, a nuclear extract of IPTG-added RHO 
cells was subjected to gel shift assay. The transcription 
activity of E2F-1 was found to be high (Fig. 5) . 
Example 6 (Effect of RBAp4 8 siRNA on RBAp4 8 -induced 
apoptosis) 

siRNA of RBAp4 8 was prepared (sense; CGA GGA AUA CAA 
AAU AUG GTT (SEQ ID NO: 1), antisense; CCA UAU UCU GUA UUC 
CUC. GTT (SEQ ID NO: 2)). The siRNA was transferred into 
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cells of the RBAp4 8 -stable cell line, and whether the siRNA 
exhibits an effect on apoptosis involving RBAp48 was 
investigated. As shown in Fig. 6, RBAp48 siRNA (final level: 
0.5 to 100 nM) was transferred into RHO cells through 
lipofection, and IPTG was added to the cells twenty-four 
hours after the transfer, followed by culture for eight hours. 
The percent apoptotic cells of the cultured cells was 
determined by means of a flow cytometer, by use of Annexin-V- 
FITC. Apoptosis induced by addition of IPTG was found to be 
significantly suppressed by transfer of 50nM RBAp48 siRNA. 
In contrast, GAPDH siRNA or non-functional control siRNA was 
found not to exhibit any effect on apoptosis of salivary 
gland cells induced by addition of IPTG. 

All the above results reveal that RBAp48 strongly 
participates in molecular mechanism of onset of autoimmune 
diseases, which are frequently found in menopausal women, and 
that a novel therapeutic method for autoimmune diseases can 
be developed by using apoptosis inhibition of the target 
cells. If inhibition of RBAp48 expression is clinically 
applied in treatment of intractable diseases, a great 
contribution to the society would be provided. 

The present invention provides a method for treating 
autoimmune diseases, for which radical therapies have not yet 
been obtained, a screening method for preventive or 
therapeutic agents for autoimmune diseases, and a diagnostic 
method for autoimmune diseases. The content of Japanese 
Patent Application No. 2003-123959 is hereby incorporated by 
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reference in its entirety. 



